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SED RESEARCH REPORT NO. 3 


ON THE EFFECT OF NUTRIENTS UPON 
THE RATE OF STABILIZATION OF 
SPENT SULFITE LIQUOR IN RECEIV- 
ING WATERS 


BY The Sanitary Engineering Research 
Committee Stream Pollution Section 


From Research Data of H. R. Amberg, West Coast Resident 
Engineer, Nat. Council for Stream 
Improvement, Inc., Engrg. Exp. Sta., 
Oregon State College, Corvallis, Ore. 


Acknowledgment: The Sanitary Engineering Division 
gratefully recognizes the generosity 
and professional courtesy of the author 
in making these research data available 
to the Society for review, presentation 
and comment by the Stream Pollution 
Section of the Research Committee. 


Synopsis: The results of a research project on the effect of sulfite waste 
liquor on the Willamette River in Oregon are presented in sum- 
marized form, critically discussed, and evaluated constructively 
with a view toward engineering application. 


INTRODUCTION 


In recent survey work on the Willamette River in Oregon, it was noted that 
the improvement in the DO profile was not proportional to the degree of pollu- 
tion reduction effected by the pulp mills. It was thought that the BOD to nitro- 
gen balance might play an important role in the overall self-purification of 
the stream. For example, by decreasing the nitrogen deficient organic load 
discharged to the river, the BOD to nitrogen balance was altered, or the 
amount of available nitrogen per unit of organic material was increased. If 
a nitrogen deficiency existed in the stream prior to the abatement program, 
it can readily be seen that reduction of the pollution load might result in an 
increase in the rate of decomposition, with a consequent increase in the 
amount of oxygen utilized per unit of organic material. 

Another problem connected with sulfite pulping which may affect the condi- 
tion of the receiving water is concerned with the conversion of calcium to am- 
monia base. Many sulfite mills are converting to the soluble ammonia base, 
and the effect upon the receiving water of the additional nutrients has been 
given little, if any, attention. It is well known that a limited supply of nitrogen 
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or phosphorus will limit organic decomposition accordingly. Although de- 
composition will slowly proceed in the presence of only traces of available 
nitrogen, the rate is limited by the rate at which autolysis or microbial death 
permits the limited supply of nitrogen to be roused by successive generations. 
Most wastes from pulp mills are deficient in nutrients, and in many cases the 
rate of biological oxidation is controlled by the amount of available nitrogen 
and phosphorus. 

To determine the effect of the pulp mill pollution abatement program of 
the Willamette mills upon the rate of oxidation of spent sulfite liquor as af- 
fected by the change in the BOD to nitrogen ratio, various concentrations of 
spent sulfite liquor were added to Willamette River water with and without 
nitrogen and phosphorus supplements. The rates of biochemical oxidation 
were determined at the various loadings. These experiments would also show 
what might be expected if the BOD to nitrogen balance were altered by the ad- 
dition of ammonia resulting from conversion of calcium to ammonia base at 
any of the locations on the Willamette River. 


Methods and Procedures 


To study the effect of nitrogen additions upon the rate of stabilization of 
various spent sulfite liquor loadings, calcium base liquor was added to Willa- 
mette River water obtained above the outfalls of the sulfite pulp mills. 

To one experimental series, di-ammonium-acid phosphate was added to 
ensure a BOD to nitrogen ratio of 20/1, and another series, the “control,” re- 
ceived no nitrogen supplement. All samples were incubated at 20°C for 8 days 
and daily BOD determinations were made to ascertain the stabilization rates 
of the pollution loadings. 


Results 


The importance of nitrogen upon oxygen utilization is clearly demonstrated 
in Table 1. Two identical samples of Willamette River water were obtained 
1/2 mile below the outfalls of two pulp mills. One sample received nitrogen 
and the other received no supplement. After 2 days of incubation, a 50 per- 
cent increase in BOD was effected by the addition of nutrients. 


Table l. 
Effect of Nutrient Addition on Rate of BOD Satisfaction 
of River Water Below Pulp Mills 


Time of BOD = ppn 


Incubation in “Control 
Days Added 
9) 0 0 
2 3.6 5.6 
4 53 72 
6 6.9 7.3 
76 362 
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To demonstrate the effect of loading upon the rate of stabilization of spent 
sulfite liquor, three different concentrations of SSL (spent sulfite liquor) were 
added to Willamette River water obtained above the pulp mill outfalls of two 
mills. To this water, having a residual of 10 ppm of SSL, 10, 20, and 30 ppm 
of SSL were added (bone dry solids). To one series of samples, nitrogen was 
added and the other series was used as a control. In the presence of suffi- 
cient nutrients, all pollution loadings were oxidized at fairly constant rates. 
However, in the absence of sufficient nutrients a radical decrease in the rate 
constant occurred when the organic load was increased, and at the upper load- 
ing of 30 ppm, a considerable “lag” occurred in the initial oxygen utilization 
(Table 2). 


Table 2. 
Effect of SSL Loadings and Nutrient Additions 
Upon the Rate of Oxidation 


SL Rate Constant, "k" at 20°C 
ided No Nutrien Nitroren & Phosphorus 


Supplement Added 


19 9.13 9.15 
29 9.97 0.14 
9.07 0.14 


Discussion 


From the data presented it becomes evident that stretches of river receiv- 
ing nutrient deficient wastes may be extremely sensitive to any changes in 
the BOD to nitrogen to phosphorus balance, and it is altogether possible that 
the rate constant “k” may vary as the industrial waste progresses down- 
stream. For example, the addition of domestic sewage from the City of Port- 
land will undoubtedly affect the rate of oxidation of pulp mill wastes from up- 
stream sources since domestic sewage contains an excess of nutrients. It 

can readily be seen that considerable error may result if the rate of deoxy- 
ation of a river such as the Willamette is assumed constant throughout its 
entire reach. 

Another serious source of error may also result by assuming the “k” con- 
stant to be equal at all pollution loadings in calculating the dissolved oxygen 
profile. Experimental data obtained from the Willamette indicate that a reduc- 
tion in the nitrogen deficient pulp mill load will result in a subsequent in- 
crease in the rate constant “k”, thereby masking a considerable portion of 
the improvement expected in the DO profile. Rate parameters, “*k” and *L”, 
determined by adding waste to supplemented dilution water are meaningless 
when calculating oxygen utilization and dissolved oxygen profiles. 


CONCLUSIONS 


From the results presented, the following conclusions may be drawn: 
1) In certain stretches of the Willamette River, definite nutritional defi- 
ciencies exist and the addition of nitrogen would increase the rate of deoxy- 
genation of Willamette River water. 
2) In streams, or particular stretches of a stream receiving calcium base 
liquor where nutrient deficiencies exist, the rate of biochemical oxidation 
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will be a function of the spent sulfite liquor loading; that is, an increase in 
the nitrogen deficient organic load will result in a consequent decrease in 
the rate of biochemical oxidation. 

3) In nitrogen deficient streams receiving SSL, conversion from calcium 
to ammonia base would result in an increase in the rate of biochemical oxida- 
tion of the organic load and greater deoxygenation of the receiving stream at 
equivalent pollution loadings. A shift of the critical oxygen deficit may also 
be expected. 

4) In calculating the self-purification capacity of nitrogen deficient 
streams, considerable error will arise by assuming the rate of biochemical 
oxidation to be equal at all pollution loadings. If a definite nitrogen deficiency 
exists, reduction of the pollution load will not necessarily result in an equiv- 
alent improvement in the dissolved oxygen content of the stream, since the 
reduction has resulted in a more favorable BOD to nitrogen ratio with a re- 
sultant increase in the oxidation rate of the organic load. The net result may 
be a consequent increase in deoxygenation of the stream, and possibly quicker 
recovery. 


Engineering Implications 


These research results indicate that care should be taken in the choice of 
“k” values when calculating dissolved oxygen profiles at various nitrogen 
deficient organic loadings discharged to a water course. Because the DO pro- 
file of a stream receiving nitrogen deficient industrial wastes is extremely 
sensitive to any changes in the carbon to nitrogen balance, a thorough study 

of the receiving stream should be made before undertaking the basic compu- 
tations. These studies should include oxidation rate curves of various organ- 
ic loadings added to river water in the presence and absence of nitrogen. The 
pollution loadings employed should be equivalent to those discharged by the 
mill at low flow, and the dilution water should be river water obtained during 
periods of low flow. 

The role of nitrogen in the BOD determination of river water is clearly 
demonstrated in Table 3. The following BOD values were obtained at various 
locations below two pulp mill outfalls. Two BOD’s were set up at each sta- 
tion; one receiving 0.4 ml of phosphate buffer (2.1 (d) p 140, Standard Meth- 
ods) per BOD bottle, and the other receiving no nutrient supplement. 

In locations where the BOD is greater than 6 ppm, aeration of the river 
water with oxygen may be preferred instead of dilution with Standard Methods 


Dilution Water. 
Table 3. 
BOD of Willamette River Water Below Pulp Mill Outfalls at Oregon City 


Average of 10 Sampling Trips 


B 
Miles Below BOD 
Pulp Mill Without Nutrient With ‘lutrient Percent 


Outfall Addition Addition Increase 


1.0 4.8 5.6 16.7 
303 567 21.3 
3-1 3.6 16.2 
7.5 3-0 33 11.9 
93 2.6 267 3.8 


2el 9.0 


21 
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Credit: This research report, which is one of a series of professional 
contributions by the Committee on Sanitary Engineering Research. 
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Jess C. Dietz Sewage 

Marvin L. Granstrom Water 

E. R. Hendrickson Public Health 
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Chairman, Nelson L. Nemerow Industrial Wastes 
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